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Background:  Heterotopic  ossiﬁcation  (HO)  is  a common  complication  of  elbow  fracture  surgery  that  can
signiﬁcantly  impair  function  and range  of motion  (ROM).  Whereas  numerous  studies  have  assessed  HO
after hip trauma  or  replacement  surgery,  few  data  have  been  reported  on  the  prevalence  and  risk  factors
of HO  after  elbow  fractures.
Hypothesis:  Our  objective  was  to investigate  the  prevalence  and  risk  factors  of clinically  relevant  HO  after
elbow fracture  surgery  under  the  hypothesis  that the  ability  to  identify  high-risk  patients  would  improve
treatment  tailoring  and  assist  in meeting  patient  expectations.
Materials  and  methods:  We  retrospectively  included  consecutive  patients  who  had  surgery  for  elbow
injuries  between  January  2007  and  December  2011.  Patient  demographics,  operative  details,  and  radio-
graphs  were  reviewed.
Results: Of  124  elbows  in 122  patients,  38  (30.6%)  had  HO  and 26  (21%)  clinically  relevant  HO.  The
prevalence  of clinically  relevant  HO  was  highest  in  ﬂoating  elbow  injury,  followed  by  combined  olecranon
and  radial  head  fractures,  types  A  and  B distal  humerus  fractures,  and  terrible  triad  injury.  By multiple
logistic  regression,  factors  that  independently  predicted  clinically  relevant  HO  were  fracture-dislocation
(OR,  4.87;  95%CI,  1.78–13.29;  P = 0.002)  and longer  time  to  surgery  (P < 0.05).  Of  the  26  patients  with
clinically  relevant  HO,  6 (23%)  eventually  required  revision  elbow  surgery  to improve  ROM.
Discussion:  HO  of  the  elbow  occurred  in almost  one-third  of  our  patients  with  surgically  treated  elbow
fractures.  Fracture-dislocation  of the elbow  and  longer  time  to surgery  independently  predicted  HO
responsible  for ROM  loss.  Clinically  relevant  HO  was  associated  with  signiﬁcant  morbidity.
Level  of evidence:  Level  IV, retrospective  study.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Elbow fractures are common injuries that account for 2% of all
ractures and 30% of all upper limb fractures [1,2]. Heterotopic ossi-
cation (HO) is a well-documented complication of elbow fractures
een in 3% of patients [3] overall and up to 15–20% of patients with
evere elbow trauma responsible for fracture-dislocation [4].
HO is the abnormal formation of mature lamellar bone at extra-
keletal sites [5]. Symptoms may  include pain, stiffness, loss of joint
ange of motion (ROM), and functional impairments [6]. Whereas
any studies have investigated HO after hip trauma or replacement
urgery [7–12], few published data exist on the prevalence and risk
actors of HO after elbow fractures. However, during the conduct of
∗ Corresponding author. Tel.: +65 6779 5555; fax: +65 6775 0913.
E-mail address: choonchiet@gmail.com (C.C. Hong).
http://dx.doi.org/10.1016/j.otsr.2014.10.021
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.our study, three articles on risk factors for HO after elbow fractures
were published [13–15].
Our objective was  to investigate the prevalence and risk factors
of HO in an unselected population with surgically treated elbow
fractures. We  compared our results to those of the earlier studies
in order to test the robustness of our ﬁndings.
2. Material and methods
2.1. Patients
Consecutive patients admitted to our teaching hospital in Sin-
gapore for the surgical treatment of elbow fractures over the 5-year
period from January 2007 to December 2011 were included retro-
spectively. Our institutional review board approved the study.
The patients were identiﬁed via a comprehensive search of the
hospital electronic database for diagnostic and operative codes
indicating surgically treated elbow fractures. Exclusion criteria
210 C.C. Hong et al. / Orthopaedics & Traumatology: Surgery & Research 101 (2015) 209–213
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Fig. 2. Example of heterotopic ossiﬁcation (HO) seen over the anterior aspect of the
elbow after a radial head fracture.
Box 1: Hastings and Graham classification.
Class I: radiographic heterotopic ossiﬁcation without func-
tional limitation.
Class II: radiographic heterotopic ossiﬁcation with subtotal
functional limitations.
IIA: limited ﬂexion - extension.
IIB: limited pronation - supination.
IIC: limited in both planes.
Class III: radiographic and functional ankylosis.
IIIA: ankylosis in ﬂexion - extension.
IIIB: ankylosis in pronation - supination.
IIIC: ankylosis in both planes.
HO development. Potential risk factors yielding P values < 0.05 byFig. 1. Flowchart showing the patients included and excluded in the study.
ere pathological elbow fracture, age younger than 18 years,
nd/or follow-up duration less than 6 months. Our decision to
xclude patients younger than 18 years was based on the possibility
hat the propensity for developing HO may  differ between skele-
ally immature and mature individuals. We  identiﬁed 210 patients.
 review of their electronic and handwritten records showed cod-
ng errors in 7 patients and age younger than 18 years in 81 patients.
o patients had pathological fractures secondary to infection or
alignancy. Thus, 122 patients were included, including 2 with
ilateral elbow fractures, yielding 124 elbows for the statistical
nalysis (Fig. 1). Follow-up was 6 months or more in all patients.
.2. Data collection
We  recorded the following clinical parameters for each patient:
ge and gender; mechanism of injury; presence of polytrauma, con-
omitant burns, or head injury; presence of fracture-dislocation
nd/or compound fracture; time to surgery; and intraoperative
ndings. Radiological parameters included presence or absence of
O on radiographs, with the location and severity of HO. Recorded
utcomes were bone union and complications. All data were tabu-
ated and subjected to statistical analysis.
Mechanisms of injury were categorised as high-velocity, low-
elocity, and other. High-velocity injuries were road trafﬁc
ccidents and falls from above standing height. Low-velocity
njuries were direct impacts and falls from no more than stand-
ng height. The other injury category included crush injuries and
unshot wounds. Distal humerus fractures were classiﬁed using
he Arbeitsgemeinschaft für Osteosynthesefragen (AO) system [16]
nd other injuries using descriptive terms to reﬂect their vari-
ble nature. These choices facilitated comparisons with previous
tudies [13–15]. Diagnostic groups included isolated olecranon
ractures, isolated radial head fractures, transolecranon fractures,
oating elbow injuries, terrible triad injuries, Monteggia injuries,
istal humerus fractures, and combined olecranon and radial head
ractures. Floating elbow injuries were deﬁned as concomitant frac-
ures of the distal humerus and proximal radius and ulna, and
errible triad injuries as fractures of the radial head and coronoid
rocess combined with posterolateral elbow dislocation.
HO was sought on anteroposterior and lateral elbow radio-
raphs taken repeatedly during follow-up (Fig. 2). HO was
ategorised based on location relative to the elbow as anterior,
osterior, collateral, anterior and posterior, anterior and lateral,
osterior and lateral, and involving all three sites [17,18]. HO
as also classiﬁed according to effects on elbow ROM, using the
astings and Graham classiﬁcation [18] (Box 1), in which Class 1indicates no ROM limitation, Class 2, some ROM limitations, and
Class 3, ankylosis. We  deﬁned clinically relevant HO as HO causing
functional limitation, i.e., Class 2 or 3.
Time to surgery was calculated from the time of emergency
department triage to the time the surgical incision was per-
formed. We  categorised time to surgery as ≤ 24 hours, 2–7 days,
and > 7 days. Postoperative radiographs were reviewed. Fracture
union was deﬁned as complete cortical bridging between the
proximal and distal fragments with no visible fracture line. Com-
puted tomography (CT) was not performed routinely. None of
the patients received prophylactic or postoperative non-steroidal
anti-inﬂammatory drugs (NSAIDs) or radiation therapy. All surgi-
cal procedures were performed by fellowship-trained orthopaedic
consultants and specialist registrars.
2.3. Statistical analysis
Data entry was performed using a spreadsheet application
(Excel 2003, Microsoft Corp., Redmond, WA,  USA). Frequency tables
and descriptive statistics are reported for all variables. Categor-
ical variables are described as n (%) and continuous variables as
mean ± SD or median, as appropriate. Bivariate logistic regression
was used to assess associations between potential risk factors andbivariate analysis were assessed in multiple logistic regression
models to control for confounding factors. Values of P ≤ 0.05 were
considered signiﬁcant. Data analysis was performed using SPSS
(version 16, SPSS Inc., Chicago, IL, USA).
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Table 2
Fracture type and incidence of heterotopic ossiﬁcation.
Types of elbow fractures, n/124 (%) HO
38/124 (%)
Clinically relevant HO
26/124 (%)
Floating elbow 2/2 (100) 2/2 (100)
Combined olecranon and radial head 3/4 (75) 2/4 (50)
Terrible triad injury 7/12 (58.3) 4/12 (33.3)
Isolated radial head 8/16 (50) 5/16 (31.2)
Distal humerus type B 3/8 (37.5) 3/8 (37.5)
Distal humerus type A 3/9 (33.3) 3/9 (33.3)
Isolated olecranon 9/52 (17.3) 6/52 (11.5)
Transolecranon 1/4 (25) 1/4 (25)
Distal humerus type C 2/15 (13.3) 0/15 (0)
Monteggia fracture 0/2 (0) 0/2 (0)
HO: heterotopic ossiﬁcation.
Table 3
Location of heterotopic ossiﬁcation.
Location of HO, n (%) Elbow fractures
Anterior 8 (21.1)
Posterior 2 (5.3)
Collaterals 10 (26.3)
Anteroposterior 3 (7.9)
Anterolateral 8 (21.1)
Posterolateral 2 (5.3)C.C. Hong et al. / Orthopaedics & Traumat
. Results
.1. Patients and injuries
Mean age was 45.6 years (range, 19–89) and 73/122 (59.8%)
atients were male. Mean follow-up was 14 months (range, 6–28).
The most common mechanism of injury (64/122, 52.4%) was
ow-velocity trauma consisting in slipping and falling on the out-
tretched arm or directly on the elbow, followed by road trafﬁc
ccidents (37/122, 30.6%) and fall from above standing height
18/122, 14.5%). Crush injuries from an object falling on the elbow
ccurred in 2 (1.6%) patients and a gunshot wound in 1 (0.8%)
atient. Polytrauma was a feature in 35 (28.2%) patients, including
 (6.5%) with head injuries. None of the patients had burns.
The right and left sides were equally affected (62 elbows on
ach side). Fracture-dislocation was noted in 44 (35.5%) patients
nd a compound fracture in 14 (11.3%) patients. Time to surgery
as ≤ 24 hours in 54 (43.5%) patients and 2–7 days in 49 (39.5%)
atients. Isolated olecranon fractures were the most common frac-
ure type (52/124, 41.9%), followed by isolated radial head fractures
16/124, 12.9%) and type C distal humerus fractures (15/124, 12.1%).
able 1 reports the demographic data, injury mechanisms, time to
urgery, and fracture patterns.
.2. Occurrence of heterotopic ossiﬁcation (HO)
HO developed in 38/124 (30.6%) and clinically relevant HO in
6/124 (21%) surgically treated elbows. The prevalence of HO was
ighest in ﬂoating elbow injury, followed by combined olecranon
nd radial head fractures, terrible triad injury, and isolated radial
ead fractures. The prevalence of clinically relevant HO (Class 2
n the Hastings and Graham classiﬁcation) was  highest in ﬂoat-
ng elbow injury, followed by combined olecranon and radial head
ractures, types A and B distal humerus fractures, and terrible triad
njury (Table 2). Ankylosis (Class 3) did not develop in any of the
lbows. The most common site of HO was the collateral ligament,
ith 10/38 (26.3%) cases (Table 3).
able 1
atient demographics and fracture patterns.
Demographics n = 122
Mean age (range), years 45.6 (19–89)
Males, n (%) 73 (59.8)
Mechanism of injury, n (%) n = 124
Slipped and fell 64 (51.6)
Road trafﬁc accident 38 (30.6)
Fall from above standing height 18 (14.5)
Crush injury 2 (1.6)
Gunshot wound 1 (0.8)
Right elbow, n (%) 62 (50)
Polytrauma, n (%) 35 (28.2)
Head injury, n (%) 8 (6.5)
Fracture-dislocation, n (%) 44 (35.5)
Compound fracture, n (%) 14 (11.3)
Time to surgery, n (%)
Within 24 hours 54 (43.5)
Day 2 to day 7 49 (39.5)
>  7 days 21 (16.9)
Fracture pattern, n (%)
Isolated olecranon 52 (41.9)
Isolated radial head 16 (12.9)
Transolecranon 4 (3.2)
Floating elbow 2 (1.6)
Terrible triad injury 12 (9.7)
Monteggia injury 2 (1.6)
Distal humerus type A 9 (7.3)
Distal humerus type B 8 (6.5)
Distal humerus type C 15 (12.1)
Combined olecranon and radial head 4 (3.2)Anterior, posterior, and lateral 5 (13.2)
HO: heterotopic ossiﬁcation.
3.3. Risk factors for heterotopic ossiﬁcation (HO) overall
Factors signiﬁcantly associated with HO by bivariate logistic
regression were male gender (odds ratio [OR], 2.32; 95% conﬁ-
dence interval [95%CI], 1.01–5.37; P = 0.049), compound fracture
(OR, 3.56; 95%CI, 1.14–11.1; P = 0.029), fracture-dislocation (OR, 4;
95%CI, 1.79–8.95; P = 0.001), and longer time to surgery (P < 0.05).
Age, presence of polytrauma, and concomitant head injury were
not signiﬁcantly associated with HO by bivariate analysis.
In the multiple conditional logistic regression model includ-
ing factors signiﬁcant by bivariate analysis, independent risk
factors for HO were compound fracture (OR, 4.55; 95%CI,
1.22–16.94; P = 0.024), fracture-dislocation (OR, 2.94; 95%CI,
1.19–7.26; P = 0.02), and longer time to surgery (P < 0.05). The risk of
developing HO increased with time to surgery: using the ≤ 24 hours
category as the reference, the 2–7 days category had an OR of 3.78
(95%CI, 1.12–12.78; P = 0.033) and the > 7 days category an OR of
10.62 (95%CI, 2.96–38.09; P = 0.001) (Table 4).
3.4. Risk factors for clinically relevant heterotopic ossiﬁcation
(HO)
Risk factors for clinically relevant HO by bivariate analysis were
fracture-dislocation (OR, 6.23; 95%CI, 2.42–16.05; P = 0.000) and
longer time to surgery (P < 0.05). No signiﬁcant associations were
found for age, gender, compound fracture, HO site, polytrauma, or
head injury.
Table 4
Logistic regression analysis to identify factors predicting the development of het-
erotopic ossiﬁcation.
Risk factors Multivariate Odds Ratio (95%CI) P value
Compound vs. Closed fracture 4.55 (1.22-16.94) 0.024
Dislocation vs. No dislocation 2.94 (1.19-7.26) 0.02
Time to surgery
Day 2–7 vs. ≤ 24 h 3.78 (1.12-12.78) 0.033
>  day 7 vs. ≤ 24 h 10.62 (2.96-38.09) 0.001
>  day 7 vs. day 2–7 2.41 (0.85-6.84) 0.098
95%CI: 95% conﬁdence interval.
212 C.C. Hong et al. / Orthopaedics & Traumatology:
Table  5
Logistic regression analysis to identify factors predicting the development of clini-
cally relevant heterotopic ossiﬁcation.
Risk factors Multivariate Odds Ratio (95%CI) P value
Dislocation vs. No dislocation 4.87 (1.78-13.29) 0.002
Time to surgery:
Day 2–7 vs. ≤ 24 h 5.34 (1.57-18.11) 0.007
>  day 7 vs. ≤ 24 h 7.88 (2.19-28.32) 0.002
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p>  day 7 vs. day 2–7 1.48 (0.45-4.82) 0.519
5%CI: 95% conﬁdence interval.
By multiple logistic regression analysis, independent risk fac-
ors for clinically relevant HO were fracture-dislocation (OR, 4.87;
5%CI, 1.78–13.29; P = 0.002) and longer time to surgery (P < 0.05).
he risk of clinically relevant HO increased with time to surgery:
ompared to surgery ≤ 24 hours, surgery on day 2–7 had an OR of
.34 (95%CI, 1.57–18.11; P = 0.007) and surgery > day 7 an OR of 7.88
95%CI, 2.19–28.32; P = 0.002) (Table 5).
.5. Surgery for clinically relevant heterotopic ossiﬁcation (HO)
Of 26 elbows with clinically relevant HO, 6 (23.1%) required revi-
ion surgery for elbow stiffness interfering with daily activities.
he procedures consisted in implant removal with HO excision and
oft-tissue release in 4 patients, HO excision and soft-tissue release
ithout implant removal in 1 patient, and elbow manipulation
nder anaesthesia in 1 patient. None of our patients experienced
O recurrence after the revision procedure.
.6. Other complications
Complications occurred in 2/38 elbows with HO. In 1 patient
ith a type A distal humerus fracture, ﬁbrous non-union was  suc-
essfully managed by total elbow replacement. Non-union also
eveloped in a patient with a type C distal humerus fracture, who
equired bone grafting and revision internal ﬁxation, after which
o further complications occurred.
Of the 86 elbows patients without HO, 4 experienced compli-
ations, consisting in non-union in 2 patients, implant failure in 1
atient, and wound breakdown and infection in 1 patient.
. Discussion
HO is common after elbow injuries and causes signiﬁcant mor-
idity, with ROM limitations that impair function. Nevertheless,
ew studies have addressed the prevalence and risk factors of HO
fter elbow injuries. Knowledge about these two points is crucial to
nderstanding the mechanism of elbow HO, developing manage-
ent strategies, and meeting patients’ expectations after surgery
or elbow trauma.
The prevalence of HO after elbow fractures has varied widely,
rom 15% to 37% [4,15]. Among consecutive patients who had
urgery for elbow fractures in our study, 30.6% developed HO and
1% clinically relevant HO. These data are consistent with our latest
iterature review showing similar prevalence of HO in Singapore
ompared to earlier studies, most of which were from Western
ountries [13–15].
In a case-control study reported in 2012, time to surgery ≥ 8 days
ielded an OR of 12 for HO compared to time to surgery ≤ 24 hours
13]. In an earlier study of 41 patients [19], no patients with surgery
ithin 48 hours experienced Class 2-4 HO compared to 8/24 (33%)
f patients who had surgery after 48 hours. Delayed surgery trans-
ates into longer immobilisation, as rehabilitation can start only
fter surgery, and longer immobilisation is associated with HO
20]. Similarly, we found that longer time to surgery independently
redicted any HO and clinically relevant HO. Waiting longer than Surgery & Research 101 (2015) 209–213
1 week until surgery resulted in 10 times the odds of having any
radiographic HO and 7 times the odds of having clinically relevant
HO responsible for ROM limitation.
Fracture-dislocation of the elbow was associated with HO in
earlier studies [4]. Similarly, in our study, fracture-dislocation inde-
pendently predicted both any HO and clinically relevant HO. In two
studies, HO after elbow fracture-dislocation occurred in 15–50% of
cases [21], and in another the risk of HO increased 5-fold in patients
with both radial head fracture and elbow dislocation [3]. HO is
believed to reﬂect severe elbow trauma in which damage to bony
surfaces and the joint capsule results in formation of a hematoma
containing pluripotent cells, which can then differentiate into bone
cells.
In a study of 130 elbow fractures, HO interfering with ROM
developed in 26 (20%) elbows, of which 13 (13/130, 10%) required
revision surgery to improve motion by removing the ectopic bone
[15]. Of these 13 patients, 1 experienced recurrent HO after revision
surgery. Similarly, 26/124 (21%) elbows in our study had clinically
relevant HO and 6 (4.8% of the total cohort and 23.1% of elbows with
clinically relevant HO) required revision surgery for variable com-
binations of implant removal, HO removal, and soft-tissue release.
This outcome was  particularly common after ﬂoating elbow injury
or combined olecranon and radial head fractures. In the earlier
study of 130 fractures [15], HO developed in 37% of patients with
fractures involving the proximal radius and/or ulna. The high risk
of HO in these injury patterns deserves close attention on the part
of surgeons and appropriate information of the patients. Useful
information might be obtained from studies of speciﬁc manage-
ment strategies for these injuries, similar to those available for hip
fractures and total hip replacement.
Clinically relevant HO resulted in substantial morbidity, with
23% of affected patients requiring revision surgery to improve
elbow ROM. Given the frequency and clinical impact of HO,
prophylactic measures have been developed. NSAIDs, such as
indomethacin, have been proven to decrease HO formation after
major hip fractures, but no studies have produced conclusive
evidence of similar efﬁcacy after elbow fractures. Prophylactic
indomethacin therapy to decrease the risk of HO around the elbow
has been advocated, despite the potential risk of inhibiting frac-
ture healing [17]. Low-dose radiation therapy has also been shown
to prevent HO formation after hip fractures [5,22,23] and single-
dose perioperative radiation therapy has been reported to prevent
HO after elbow fractures [5,22,23]. We  believe the prophylactic
approach to HO can be viewed as a two-pronged strategy com-
bining risk factor identiﬁcation and management to minimise the
impact on HO development, on the one hand, with the use of med-
ications and/or radiation therapy, on the other. That a longer time
to surgery and fracture-dislocation independently predict HO after
major elbow fractures suggests a need for early fracture ﬁxation,
with impeccable surgical technique including optimal haemostasis
and only as much dissection as strictly necessary, to minimise soft-
tissue trauma. Both NSAIDs and radiation therapy may  interfere
with fracture healing. However, the risk/beneﬁt ratio may  favour
prophylactic NSAID therapy in patients with elbow fracture pat-
terns at high risk for HO. Our hope is that the identiﬁcation of risk
factors will assist in the individual tailoring of HO prevention strate-
gies after major elbow fractures and in providing patients with
high-quality information of use for setting reasonable expectations
and anticipating possible complications.
The retrospective design is among the limitations of our study.
Although none of our patients were started on NSAID therapy peri-
operatively, some patients may  have taken NSAIDs after hospital
discharge, as many of these drugs are available over the counter.
The low incidence of burns and head injuries in our study popu-
lation precluded a statistical evaluation of potential associations
between these factors and HO. Operative times were inﬂuenced by
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arious factors such as timing of patient presentation to the sur-
eon, operating room availability, and surgeons’ preferences about
hether to wait for soft-tissue swelling to resolve. Many different
urgeons treated our patients. In addition, given the retrospective
tudy design, the postoperative management programme was not
tandardised. Strengths of our study include the fairly large sample
ize and good follow-up rate.
. Conclusion
HO developed in nearly one-third of our patients with major
lbow fractures. Fracture-dislocation and longer time to surgery
ndependently predicted HO. Clinically relevant HO was associated
ith signiﬁcant morbidity, with 23% of these patients requiring
evision surgery to improve elbow ROM. Knowledge of risk fac-
ors allows interventions designed to minimise their impact and
mproves the ability of patients to develop reasonable expectations
ased on the risk of postoperative complications.
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